In the present study, the expression levels of high-mobility group protein B1 (HMGB1), Toll-like receptor 4 (TLR4), nuclear factor (NF)-κB and tumor necrosis factor (TNF)-α in malignant epithelial ovarian cancer (MEOC) were investigated in regards to several clinicopathological characteristics. A total of 20 patients with MEOC who underwent surgery were recruited in the present study. The mRNA and protein expression of HMGB1, TLR4, NF-κB and TNF-α was determined in patients with MEOC and compared with expression levels in 20 patients diagnosed with benign ovarian cysts (BOC). It was demonstrated that the mRNA and protein expression of HMGB1, TLR4, NF-κB and TNF-α in MEOC was significantly increased, compared with the BOC group (P<0.01). The gene and protein expression of HMGB1, TLR4, NF-κB and TNF-α was significantly increased in the advanced tumor stage and poorly differentiated group (P<0.01). The present study suggested that the HMGB1/TLR4 signaling pathway was overactive in MEOC, and was associated with MEOC tumor cell proliferation, invasion and metastasis. Furthermore, this may have been mediated via NF-κB signaling.
Introduction
Ovarian cancer (OC) is the most lethal malignant tumor type in gynecology and a common cause of cancer-associated mortality in females worldwide. According to the statistics, more than two-thirds of OC cases are diagnosed at an advanced stage, with a five-year survival rate of ~30% (1, 2) . Despite substantial advances in OC research, the mortality-to-incidence ratio and overall survival rate remains low (3) . To gain further insights into the pathogenic mechanisms and to improve the treatment of OC, it is necessary to further explore the molecular biology that characterizes OC cells.
High-mobility group protein B1 (HMGB1) is a highly conserved, non-histone chromatin-binding extracellular nuclear protein. HMGB1 binds chromatin, stabilizes nucleosomes, regulates nuclear transcription and acts as an extracellular signaling molecule (4, 5) . It is thought that HMGB1 is actively secreted by tumor cells, and passively released from necrotic cells to the tumor microenvironment (6) . Recent studies have demonstrated that HMGB1 is closely associated with tumorigenesis, angiogenesis and metastasis in a number of malignancies (3, 7, 8) . Increased expression of HMGB1 has been reported in various tumor types, including ovarian, breast, prostate, colorectal and gastric cancer, and is associated with poor survival (9) . In addition, high HMGB1 expression is associated with poor differentiation, a high stage and a positive lymph node status in OC (10) . Toll-like receptors (TLRs) are essential components of innate immunity that enhance the function of HMGB1 in cancer, by creating a procancerous environment through inflammation, angiogenesis and cell death (11) . As an important damage-associated molecular pattern (DAMP), HMGB1 activation of TLRs expressed on tumor cells initiates pro-inflammatory signaling pathways and mediates the release of cytokines and chemokines from tumor cells. These molecules recruit immune cells that subsequently release additional cytokines, pro-angiogenic mediators and growth factors that facilitate tumor growth (12) . However, a limited number of studies have addressed the association between HMGB1/TLR4 signaling and the clinicopathological characteristics of OC. Serous cystadenocarcinoma and endometrioid carcinoma are the most common histological types of epithelial OC. In the present study, 20 patients with epithelial OC were examined and the mRNA and protein expressions of HMGB1, TLR4, NF-κB and TNF-α in patients with epithelial OC were detected. The aim of the present study was to investigate the expression of HMGB1/TLR4 signaling pathway proteins to further elucidate if they were associated with the clinicopathological Association between the HMGB1/TLR4 signaling pathway and the clinicopathological features of ovarian cancer characteristics of malignant epithelial ovarian cancer (MEOC), and to further elucidate the mechanisms underlying the development and progression of epithelial OC.
Materials and methods
Ethics statement. Table I . qPCR was performed using SYBR Green Master mix on an ABI7300 platform (Thermo Fisher Scientific, Inc.). β-actin was used as an internal control. The PCR thermocycling conditions were as follows: 94˚C for 7 min, followed by 40 cycles of 15 sec at 94˚C and 45 sec at 60˚C. ΔCq was defined as the difference in the cycle threshold between the target gene and internal control, and ΔΔCq was defined as the difference between the ΔCq values of the test sample and control. The relative expression of the target genes was calculated as 2 -ΔΔCq (14) . 
Results
General patient data. The sociodemographic and clinical characteristics of the groups are presented in Table II . There were no statistically significant differences in age, BMI, fertility or history of prior surgery between the groups (P>0.05).
Clinicopathological characteristics of patients with MEOC.
The 20 patients with MEOC were pathologically diagnosed, and included 11 (55.00%) cases of serous cystadenocarcinoma and nine (45.00%) cases of endometrioid carcinoma. According to the FIGO staging system, there were nine (45.00%) cases of early-stage (stage I or II) MEOC and 11 (55.00%) cases of advanced-stage (stage III or IV) MEOC. In addition, according to the degree of differentiation, the tumors were classified into six (30.00%) cases of poorly differentiated MEOC and 14 (70.00%) cases of moderately and well-differentiated MEOC.
HMGB1, TLR4, NF-κB and TNF-α mRNA and protein expression is increased in MEOC. RT-qPCR analysis demonstrated that the mRNA expression of HMGB1, TLR4, NF-κB and TNF-α was significantly increased in the MEOC group, compared with the BOC group (P<0.01; Fig. 1 ). In addition, western blot analysis was performed to detect the protein expression of HMGB1, TLR4, NF-κB and TNF-α in the MEOC and BOC groups. As presented in Fig. 2 , the protein expression of HMGB1, TLR4, NF-κB and TNF-α was significantly increased in the MEOC group, compared with the BOC group (P<0.01).
HMGB1, TLR4, NF-κB and TNF-α expression levels are increased in advanced-stage MEOC. In the present study, patients with MEOC were divided into two subgroups according to the tumor stage. The gene expression levels of HMGB1, TLR4, NF-κB and TNF-α in the advanced-stage group were significantly increased, compared with the early-stage group (P<0.01; Fig. 3A ). Similar results were obtained at the protein level, demonstrating that the protein expression of HMGB1, TLR4, NF-κB and TNF-α in the advanced-stage group was significantly increased, compared with the early-stage group (P<0.01; Fig. 3B ).
HMGB1, TLR4, NF-κB and TNF-α expression levels are increased in MEOC with poor differentiation. In addition, patients with MEOC were divided into two subgroups according to the degree of differentiation. As presented in Fig. 4 , the gene (Fig. 4A ) and protein (Fig. 4B ) expression of HMGB1, TLR4, NF-κB and TNF-α in the poorly differentiated group was significantly increased, compared with the moderately and well-differentiated group (P<0.01).
Correlations between the expression levels of HMGB1, TLR4, NF-κB and TNF-α in MEOC group. Data analysis revealed that there was a significant positive correlation between the mRNA and protein expression levels of HMGB1, TLR4, NF-κB and TNF-α in MEOC (P<0.01). The values of r are presented in Tables III and IV .
Discussion
Ovarian cancer is the leading cause of cancer-associated mortality in gynecology worldwide. MEOC is successfully treated in <40% of women, due to the lack of effective screening strategies and the non-specific nature of early signs and symptoms associated with this disease, resulting in an advanced stage diagnosis for the majority of patients (15, 16) . Tumor recurrence and metastasis are considered the major reasons for poor clinical outcomes and mortality. Therefore, clarification of the mechanism underlying the invasion and metastasis of MEOC will provide further insight into the development and progression of OC (10) . Inflammation is an essential element in tumorigenesis. HMGB1 is a key DAMP. DAMPs are molecules released from necrotic cells as intrinsic danger signals, which induce inflammation and trigger innate immunity (17) . TLRs trigger an inflammatory response and cell survival in the tumor microenvironment, and TLR4 is known to be a receptor of HMGB1 (12) . A number of previous studies have confirmed the tumor-facilitating effect of HMGB1. For example, HMGB1 is increased in ovarian, colorectal, lung and gastric cancer, indicating that HMGB1 is an important mediator for cancer transformation, proliferation and invasion (7, 8, 10) . Furthermore, it has recently been demonstrated that activation of TLR4/NF-κB signaling by DAMPs may contribute to an inflammatory microenvironment that drives a more aggressive phenotype with poorer clinical outcomes in patients with MEOC (11, 18) . Wang et al (3) performed a meta-analysis that revealed that HMGB1 levels in the tissue and serum of patients with OC are significantly higher compared with those detected in benign tumor and normal ovarian samples. The effect of HMGB1 on cancer types may be mediated by multiple surface receptors, including TLRs (3). In the present study, the mRNA expression levels of HMGB1, TLR4, NF-κB and TNF-α were determined in 20 patients with MEOC and compared with the expression in 20 patients with BOC. It was demonstrated that the mRNA expression of HMGB1 in MEOC was significantly increased compared with the BOC group. The same result was obtained at the protein expression level, which was consistent with a previous study (3) , suggesting that HMGB1 may serve a pivotal role in the development of OC. Furthermore, the expression levels of TLR4, a HMGB1 receptor, in addition to the expression of downstream effectors NF-κB and TNF-α, were significantly increased in the MEOC group, compared with in the BOC group. These results indicated that the HMGB1/TLR4 signaling pathway may be implicated in the development of the tumor-associated inflammatory microenvironment, which subsequently may serve a pivotal role in MEOC carcinogenesis and clinical outcomes.
HMGB1 has recently been identified to be overexpressed in malignant OC, and associated with poor clinicopathological features and prognosis (8) . Chen et al (10) reported that knockdown of HMGB1 suppresses OC cell proliferation and inhibits cell migration and invasion, which is accompanied by decreased cyclin D1, proliferating cell nuclear antigen, matrix metalloproteinase (MMP)2 and MMP9 mRNA expression and enzymatic activity. In order to elucidate whether the HMGB1/TLR4 signaling pathway was associated with the clinicopathological characteristics of MEOC, the expression levels of HMGB1, TLR4, NF-κB and TNF-α at different tumor stages and differentiation grades were evaluated. The results revealed that the gene and protein expression levels of HMGB1, TLR4, NF-κB and TNF-α in the advanced-stage and poorly differentiated groups were significantly higher compared with those in the early-stage and well/moderately differentiated group, respectively, indicating that the HMGB1/TLR4 signaling pathway was associated with the tumor stage and degree of tumor cell differentiation in MEOC. In addition, the correlation between the expression of HMGB1, TLR4, NF-κB and TNF-α in MEOC group was evaluated and it was demonstrated that all the parameters were positively correlated with each other. It is known that the HMGB1/TLR4 signaling pathway regulates cell proliferation and survival, and creates a tumor microenvironment that facilitates tumor growth by inducing immune cell expansion and integrating inflammatory responses (19) . Considering these previous findings and those obtained from the present study, it was therefore concluded that increased HMGB1/TLR4 in the inflammatory immune signaling system may be involved in MEOC tumor stage and differentiation. Furthermore, this may have been mediated via the downstream NF-κB signaling pathway.
However, there are certain limitations in the present study. First, as a result of the ethical and experimental limitations, only 20 patients with BOC were recruited as the control group, with no comparison to normal ovarian tissue. Secondly, patient data during hospitalization only were obtained for analysis, which did not contain information concerning postoperative recurrence and disease-free survival. In addition, cytology associated experiments were not conducted in the present study. Therefore, further studies with larger sample sizes are required to avoid these limitations and verify the findings of the present study.
In conclusion, it was demonstrated that components involved in the HMGB1/TLR4 signaling pathway and its downstream effectors were overexpressed and associated with MEOC tumor stage and differentiation. This may have be mediated via the NF-κB signaling pathway. These findings further elucidated the mechanisms underlying the development and progression of MEOC.
